The objective of this retrospective cohort study was to assess mortality and morbidity after cardiac arrest in hospital inpatients aged 80 years or older, in an Australian tertiary hospital. We studied patients aged 80 years or older who suffered an in-hospital cardiac arrest from 1 January 2000 to 31 December 2016. The main outcome measures were one-year survival and narrative morbidity. Two hundred and eighty-five patients were identified. Absolute one-year survival after cardiac arrest was, at best, 12.6%. Narrative descriptions of morbidity demonstrate high healthcare utilisation, dependency or residential care, and significant impairments of physical and social function. In conclusion, one-year survival after cardiac arrest in the very elderly is poor. In those who survive, significant morbidity is present.
1
. The elderly suffer from higher rates of chronic disease and comorbidities. This increases their demand for hospital services, translating to an increased demand for intensive care unit (ICU) admission [2] [3] [4] . Several studies have reported that age 80 years and older is associated with increased ICU and hospital death, compared with younger age groups 3, 5 . In particular unplanned, compared with planned, ICU admissions are associated with higher ICU, post-ICU and 12-month mortality rates in this age group 6 . Pre-admission cardiopulmonary resuscitation (CPR) carries a poor prognosis 7 . Furthermore, those aged 80 years or older are more likely to be discharged to a rehabilitation or care facility 3 . Admission and care of the very elderly in ICU continues to be a source of debate, particularly in terms of triage: identifying patients who are likely to benefit from critical care, preventing unnecessary suffering and rationing limited financial resources 2, 4, 8, 9 . The incidence of cardiac arrest increases with age 10 . Irrespective of age, the desired outcome following cardiac arrest is one where the patient has an acceptable quality of life and/or returns to their baseline function 11 . There is limited information available on outcomes in the elderly who survive in-hospital cardiac arrest (IHCA). Although one would expect long-term survival to be low and outcomes to be poor, it is important to quantify and qualify given the cost involved in resuscitation and rehabilitation after cardiac arrest 12 . The literature has largely focused on out-of-hospital cardiac arrest (OHCA), and used in-hospital mortality as an outcome. Some studies have determined rates of survival to hospital discharge following IHCA [13] [14] [15] [16] , but few have analysed long-term rates of survival stratified by age, and/or assessed outcome in survivors 12, [17] [18] [19] [20] . We sought not only to determine the survival rate of IHCA in the very elderly, but also make an assessment of morbidity in survivors.
Methods

Data collection
We conducted a narrative review of outcomes on those patients who suffered a cardiac arrest from 1 January 2000 to 31 December 2016. Patients were identified from the medical emergency team (MET) database of a major tertiary hospital. The hospital did not have an age-based MET response or ICU admission policy. Further information regarding the patient (age and sex), initial rhythm, outcome and post-arrest escalation of care was extracted from the MET database. Specific patient information was obtained from the hospital notes, the electronic medical record, cemetery records, and from primary care doctors. Hospital ethics approval was obtained (hospital authorisation number QA13882).
Case inclusion and exclusion criteria
Inclusion criteria for the cohort were: 1) IHCA that resulted in MET activation, and 2) age greater than or equal to 80 years. Narrative review was performed on the subgroup that was: 1) admitted to the ICU post-arrest, and 2) still alive one year post-arrest. Due to the limited geographical area of MET responses, patients who suffered a cardiac arrest in the emergency department (ED), coronary care unit, operating theatres, or ICU were not identified.
Outcomes
The primary outcome was mortality within the first 12 months after cardiac arrest. For those who were admitted to the ICU and survived longer than 12 months after cardiac arrest, morbidity was assessed in a narrative fashion by reviewing ED presentations, hospital admissions, outpatient appointments and residential status.
Results
Of 838 patients who suffered a cardiac arrest during the 17-year period, 285 (34%) were aged 80 years or older at the time of the arrest (see Figure 1 ). The mean (standard deviation) age was 86 (4) years. Only 46 (16.1%) of those aged 80 years or over had an initial shockable rhythm. Of the 121 (42.5%) patients who immediately survived the cardiac arrest, 31 were transferred to the ICU. Twelve of the 31 patients transferred to the ICU left the primary hospital alive; three of these were discharged home. Eight patients were alive one year after cardiac arrest. Ninety immediate survivors who were not admitted to the ICU were excluded from narrative analysis. Absolute one-year survival for all of those aged 80 years or over was 12.6%.
Fifty-three (6.3%) patients were aged 90 years or older; none of these patients were admitted to the ICU. Four patients (7.5%) of those aged 90 years or older were still alive one year after cardiac arrest.
Of the 12 patients aged 80 years or over who left the primary hospital alive, 11 have a documented date of death and one patient is still alive. The median survival of these 11 patients was 710 days (range 124 to 2,410 days). Eight patients were still alive one year post-cardiac arrest. The average length of ICU stay was three days (based on data from seven out of eight patients). The total number of hospital contacts prior to death varied from seven to 45, excluding thrice-weekly haemodialysis admissions for one patient (see Table 1 ). The average length of inpatient stay in a public facility (from day of arrest until death) was 79 days, including time spent in rehabilitation facilities. Narrative descriptions of their post-arrest lives are included (see Table 1 ).
Discussion
There are numerous studies which have determined rates of survival following IHCA, but few have analysed longterm rates of survival in the elderly or very elderly. Large population studies estimate the rate of survival to hospital discharge following IHCA in adults, irrespective of age, to be 17% to 18.3% 13, 14, 16 . Advancing age is usually associated with poorer survival post-cardiac arrest in both IHCA 13, 17, 20, 21 and OHCA 22, 23 , with the very elderly frequently having a lower survival rate. A US-based epidemiological study of 433,985 inpatients demonstrated that only 15.1% of those aged 85 to 89 years versus 22.2% of those aged 65 to 69 years who received CPR survived to hospital discharge 13 . However, one study of 245 geriatric patients with IHCA found that advancing age was a univariate, but not multivariate predictor of poor survival. Independent risk factors for poor outcome included arrest rhythm, hypotension, myocardial infarction, heart failure and mechanical ventilation 24 ; presumably, these risk factors were more common in the elderly.
Survival to hospital discharge may not be the best marker of survival. It has been observed that improving in-hospital survival with a resuscitation program does not correlate well with long-term survival 20 . Thus, one-year survival may be a better endpoint. Chan et al 12 examined the rates of one-year survival and re-admission to hospital in 6,972 adults, 65 years of age or older, who were discharged from hospital after surviving an IHCA. The mean (standard deviation) age was 75.8 (7.0) years. One year after hospital discharge, 58.5% of the patients were alive, and 34.4% had not been re-admitted to hospital, with more elderly patients faring worse than less elderly patients. However, the authors did not specify what percentage of patients the discharges represented from the total number who suffered cardiac arrest (i.e. the absolute survival rate). In a letter to the editor, Ehlenbach and Glavan 25 highlighted that most patients who suffer cardiac arrest in hospital and are resuscitated, die before hospital discharge. Using a combination of their own data 13 and that from Chan et al 12 they formulated the overall rates of survival to hospital discharge and one-year survival following IHCA. For those over 85 years of age, the overall survival to hospital discharge was calculated at 12.1% and one-year survival at 5.5%.
Similar findings exist in the related OHCA population. where information on the original admission was not available. MET, medical emergency team; NH, nursing home; WZF, wheeled Zimmer frame; PADL, personal activities of daily living, e.g. dressing, showering; DADL, domestic activities of daily living; VF, ventricular fibrillation; VT, ventricular tachycardia; PEA, pulseless electrical activity; LLC, low-level care; HLC, high-level care.
involving 5,334 very elderly patients with OHCA. Only 71 (1.3%) were alive at one year. We found eight patients who survived until one year post-IHCA. We elected to narratively review only those patients who both received CPR and were admitted to the ICU postarrest. It would be expected that patients who did not require ICU admission after a cardiac arrest were either not actually in cardiac arrest at the time of the MET call, or had treatment limitations in place. By excluding patients who did not require ICU admission, we narrowed the review to patients who had truly arrested and in whom ongoing aggressive therapy was pursued. Depending on how the 90 patients who were immediate survivors, who were not transferred to the ICU, are handled, this gave us a one-year survival of 4.1% to 12.6%. This is congruous with the literature.
Morbidity post-IHCA is less commonly reported. ICU admission in the elderly is associated with a high rate of discharge to another hospital, rehabilitation facility or long-term care 3, 9, 26 . The fraction of elderly IHCA survivors discharged home seems to be falling with time. One study showed that the likelihood of discharge to home following in-hospital CPR fell from nearly 60% to approximately 35% over a 12-year period 13 . This is similar to the findings of Chan et al 12 , who observed that only 40% of elderly IHCA survivors were discharged home.
Numerous studies have tried to assess quality of life after OHCA. Findings include impaired community integration, fatigue, anxiety/depression, and caregiver strain [27] [28] [29] . Age contributes significantly to these findings, with increased risk of poor neurological outcome and morbidity 22, 30 .
Of the eight patients that we identified as still alive one year post-IHCA, all demonstrated high rates of dependency and caregiver burden. Three were transferred to a rehabilitation centre, one to a regional hospital and two to a nursing home. The initial discharge destinations of two patients are unknown. All patients ultimately were admitted to nursing home facilities or received high-level care assistance at home. We observed a very high rate of re-hospitalisation, presentations to the ED, and outpatient clinic utilisation. High rates of hospital presentation and re-admission are also reported in the literature 17, 31 , with one study, involving 6,972 adults aged 65 years or older who suffered an IHCA, noting that at one year and two years after discharge, 65.6% and 76.2% of patients were re-admitted to hospital 12 . Although these standard metrics provide a measure of the morbidity following IHCA, they do not necessarily reflect the true level of morbidity experienced by the patient or the burden of care on those looking after the patient. For example, 'patient seven' was independent and living with his wife prior to his cardiac arrest. He was originally admitted at the age of 84 years with pneumonia, but his stay was complicated by a ventricular fibrillation cardiac arrest. He was discharged home after a period of time in a rehabilitation facility. He subsequently had five further admissions with dysphagia, pneumonia, sepsis, pressure sores and osteomyelitis. He also attended 38 outpatient clinic appointments and presented to the ED for evaluation twice. Although he lived at home with his wife, he had been approved for a high-level care nursing home package and was dependent on his wife to assist him in his activities of daily living. He was homebound, mobilised with a wheeled Zimmer frame and had frequent falls. In addition, his wife also cared for their two dependent adult children. He passed away 3.9 years after his original arrest.
Limitations of our study include, firstly, that the MET call database is a quality improvement registry and limited to a single centre. Although our hospital is a large tertiary centre, outcomes in other hospitals may differ. Secondly, due to the limited geographical area of MET responses, patients who suffered a cardiac arrest in the ED, coronary care unit, operating theatres, or ICU were not identified. Thirdly, we selected patients who suffered a cardiac arrest and were subsequently admitted to the ICU. Some patients were managed on the ward and survived. However, by excluding patients who did not require critical care, we hoped to analyse patients who had truly arrested and in whom ongoing aggressive therapy was pursued. Lastly, we were not able to account for presentations and/or admissions to private hospitals of the eight patients still alive at one year, nor were we able to determine their eventual cause of death. 
Conclusion
Our study highlights poor rates of survival post-cardiac arrest in those aged 80 years or older, with only 4.1% to 12.6% surviving to one year. When looking closely at their lives post-arrest, it is characterised by frequent presentations and/or admissions to hospital, and an almost universal need for nursing home level care. Advancing age is associated with reduced survival and poor outcome following IHCA.
